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(54) Clock pulse generating circuit 



(57) An image forming apparatus is provided with 
an image forming device to scan in a main scanning 
direction in synchronization with dot clock pulses for 
each scanning line so as to form an image; a basic dock 
pulse generating section to generate basic clock pulses 
with a predetermined interval; a delayed clock pulse 
generating section to generate a group of plural delayed 
clock pulses having different phases respectively by 
delaying the basic clock pulse into plural delay stages; a 
synchronism detecting section to detect at least two 
delayed dock pulses synchronizing with an index signal 
from the plural delayed dock pulses; a calculating sec- 



tion to calculate a number of delay stages existing within 
a given time period on the basis of the two synchroniz- 
ing delayed clock pulses; and a clock pulse control sec- 
tion to selecting the delayed dock pulses sequentially 
delayed from the synchronizing delayed clock pulse 
from the group of plural delayed dock pulses within a 
predetermined time period on the basis of the calcu- 
lated number of delay stages so as to control a number 
of clock pulses outputted as the dot dock pulses during 
the predetermined time period. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to a clock pulse generating circuit, and in particular, to a clock pulse generating circuit 
which adjusts the number of pulses of a drive clock pulse within a predetermined time to be a predetermined number. 
[0002] In an image forming apparatus, an image Is formed on an image bearing member by scanning the image 
bearing member which is rotating in the direction of sub-scanning by a laser beam which is modulated in accordance 
with image data In the direction of main scanning. In tfiis case, on the basis of a drive clock pulse called a dot clock 

10 pulse, the laser beam is modulated by the image data. 

[0003] Accordingly in accordance with the predetermined number of pulses of the dot clock pulse, H is necessary 
to generate the dot clock pulse in order that the length of the image to be formed on the image bearing member in the 
direction of nfiain scanning nfiay be always constant. 

[0004] Further, in recent years It has been developed a color image forming apparatus equipped with a plurality of 
15 units comprising means for charging, exposure, and development respectively in the neighborhood of the intage bear- 
ing member forming color toner images on the image bearing member in one rotation of it, and transferring the images 
altogether onto a sheet of recording paper at a time. On the other hand, it has also been developed a color image form- 
ing apparatus equipped with a plurality of image bearing members in the neighborhood of an intermediate transfer 
member and equipped with means for charging, exposure, development, and transfer around the image Isearing mem- 
20 bers respectively, transfemng the toner Images having been formed on the respective image bearing members sequen- 
tially onto the intermediate transfer member, and transferring the color toner inages bom on the intermediate transfer 
member altogether onto a sheet of recording paper at a time. 

[0005] in an image forming apparatus of the former type, in some cases the length of the image formed on the 
image bearing member in accordance with the predetermined number of pulses of the dot clock pulse fluctuates owing 
25 to the fluctuation of the nunt)er of rotation of the polygonal mirror which can'ies out main scanning and to the aberration 
of the optical system. 

[0006] On the other hand, in an image forming apparatus like the latter one which uses a plurality of means for 
exposure to form color toner Images on the image bearing member and on the intermediate transfer member, owing to 
the dispersion of the characteristics of the optical systems such as the polygonal mirror and a lens in the respective 
30 means for exposure, the dispersion of the length of image formed on the image bearing member in the main scanning 
direction is produced among the respective means for exposure, resulting in producing a color deviation. 
[0007] In such cases as described in the above, it is desirable that the timing (phase) and the frequency of rising 
up of dot clock pulses can be adjusted. 

[0008] For a circuit as mentioned in the above that makes it possible to adjust the phase and the frequency, a VCXO 
35 (crystal oscillator of a voHage control type) and a DDS (digital direct synthesizer) have been known. 

[0009] These VCXO and DDS are of no proUew in precision, but they are not suitable to generation of a dot dock 
pulse in an image forming apparatus for the reasons that they make the cost of the apparatus high and that they are 
independent devices respectively which are not suitable to make the system of one chip (integration of circuits). 

40 SUMMARY OF THE INVENTION 

[001 Q] This invention has been performed in order to solve the above-mentioned problems, and It is an object of the 
invention to provide a clock pulse generating circuit capable of generating a dot clock pulse whose number of pulses 
generated in a predetermined time is fixed to a predetermined number in a single integrated circuit without using an 
45 additional pari 

[001 1] That is, this invention as means for solving the problems is such one as to be explained in the following: 
[001 2] An image forming apparatus, comprises: 

an image forming device to scan in a main scanning direction in synchronization with dot clock pulses for each 
so scanning line so as to form an image; 

a basic clock pulse generating section to generate basic lock pulses with a predetermined interval; 

a delayed clock pulse generating section to generate a group of plural delayed clock pulses having different phases 

respectively by delaying the basic clock pulse generate by the basic dock pulse generating section into plural delay 

stages: 

55 a synchronism detecting section to delect at least two delayed clock pulses synchronizing with an index signal from 
the plural delayed clock pulses generated by said delayed clock pulse generating section; 
a calculating section to calculate a nunnber of delay stages existing within a given time penod on the basts of the 
two synchronizing delayed clock pulses detected by the synchronism detecting section; and 
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a clock pulse control section to selecting the delayed dock pulses sequentially delayed from the synchronizing 
delayed clock pulse from the group of plural delayed dock pulses within a predetermined time period on the basis 
of the calculated number of delay stages so as to control a number of dock pulses oulputted as the dot clock pulses 
during the predetermined time period. 

5 

[CK)1 3] As a result of this, it is possible that the length of the image to be formed in the direction of the main scanning 

direction may be made always constant. 

[001 4] A dock pulse generating device, comprises: 

a basic clock pulse generating section to generate basic lock pulses with a predetermined interval; 
a delayed clock pulse generating section to generate a group of plural delayed clock pulses having different phases 
\ respectively by delaying the basic clock pulse generate by the basic clock pulse generating section into plural delay 
stages: 

a synchronism detecting section to detect at least two delayed clock pulses synchronizing with an index signal from 
the plural delayed clock pulses generated by said delayed dock pulse generating section; 
a calculating section to calculate a number of delay stages existing within a given time period on the basis of the 
two synchronizing delayed clock pulses detected by the synchronism detecting section; and 
a clock pulse control section to selecting the delayed dock pulses sequentially delayed from the synchronizing 
delayed ctock pulse from the group of plural delayed dock pulses within a predetermined time period on the basis 
of the calculated number of delay stages so as to control a number of clock pulses outputted during the predeter- 
mined time period. 

[0015] As a result of this, if is is adopted to the scanning device, it is possible that the length of the image to be 
formed in the direction of the main scanning direction may be made always constant. 

25 

(1) A dock pulse generating drcuit comprising a basic dock pulse generating section for generating dock pulses 
with a predetermined interval and a delayed clock pulse generating section for generating a group of a plurality of 
delayed clock pulses having different phases respectively by delaying the basic clock pulse generated by said basic 
clock pulse generating section, selecting sequentially delayed clock pulses having different phases respectively out 

30 of said plurality of delayed clock pulses, and generating clock pulses having a number of pulses generated within 
a predetermined time made to be a predetermined number by synthesizing these selected clock pulses. 

In this clock pulse generating circuit, delayed clock pulses having different phases respectively is selected 
sequentially out of said plurality of delayed clock pulses, and clock pulses having the number of pulses generated 
within a predetermined time made to be a predetermined number is generated by synthesizing these selected dock 

35 pulses. 

That is, the number of pulses within a predetermined time is adjusted not by a fine adjustment of the clock 
pulse frequency but by sequentially selecting the delayed clock pulses having their phases finely varied without var- 
ying the frequency within the predetermined time. 

As a result of this, it has become possible to generate a dot clock pulse having the numt)er of pulses within a 
40 predetermined time made to be a predetermined number in a single integrated circuit without using an additional 
part. 

(2) A clock pulse generating circuit comprising a basic clock pulse generating section for generating pulses with a 
predetermined interval, a delayed clock pulse generating section for generating a group of a plurality of delayed 
clock pulses having different phases respectively by delaying the basic clock pulse generated by said basic dock 

45 pulse generating section, a synchronism detecting section for detecting a delayed dock pulse which is synchro- 
nized with an index signal out of the plurality of delayed clock pulses generated by said delayed dock pulse gener- 
ating section, and a switching control section for sequentially selecting delayed dock pulses having different 
phases respectively out of said plurality of delayed dock pulses on tiie basis of a phase conrection value which is 
obtained by referring to the clock pulse detected by said synchronism detecting section, and generating clock 

so pulses having the number of pulses generated wHhin a predetermined time made to be a predetermined number 
by synthesizing the delayed clock pulses having different phases respectively selected by said switching control 
section. 

in this clock pulse generating circuit, a phase correction value is obtained by detecting a ctock pulse which is 
synchronized with an index signal out of a plurality of delayed clock pulses, and on the basis of this phase correc- 
65 tion value, delayed clock pulses having different phases respectively are sequentially selected out of the plurality of 
delayed clock pulses. 

(3) A clock pulse generating circuit comprising a Isasic clock pulse generating section for generating pulses with a 
predetermined interval, a delayed clock pulse generating section for generating a group of a plurality of delayed 
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clock pulses having different phases respectively by delaying the basic dock pulse generated by said basic dock 
pulse generating section, a synchronism detecting section for detecting a first synchronizing point information and 
a second synchronizing point information which is synchronized with an index signal out of the plurality of delayed 
clock pulses generated by said delayed clock pulse generating section, and a switching control section for sequen- 
tially selecting delayed clock pulses having different phases respectively out of said plurality of delayed clock pulses 
on the basis of the number of stages of the delayed clock pulses for a cycle period which are obtained from the first 
synchronizing point information and the second synchronizing point information detected by said synchronism 
detecting section, and generating clock pulses having the number of pulses generated within a predetermined lime 
made to be a predetermined number by synthesizing the delayed dock pulses having different phases respectively 
selected by said switching control section. 

In this clock pulse generating circuit, the number of stages of the delayed clock pulses for a cycle period is 
obtained from a first synchronizing point information and a second synchronizing point information, and on the 
basis of the number of stages for a cylce period, delayed clock pulses having different phases respectively are 
sequentially selected out of the plurality of delayed clock pulses. 

(4) A clock pulse generating circuit comprising a basic clock pulse generating section for generating pulses with a 
predetermined interval, a delayed clock pulse generating section for generating a group of a plurality of delayed 
clock pulses having different phases respectively by delaying the basic clock pulse generated by said basic clock 
pulse generating section, a synchronism detecting section for detecting a first synchronizing clock pulse and a sec- 
ond synchronizing clock pulse which are synchronized with a first input signal and a second input signal respec- 
tively out of the plurality of delayed clock pulses generated by said delayed clock pulse generating section, and a 
switching control section for sequentially selecting delayed dock pulses having different phases respectively out of 
said plurality of delayed clock pulses on the basis of the amount of deviation at a leading position between said first 
synchronizing clock pulse and said second synchronizing clock pulse which are obtained by referring to said first 
synchronizing clock pulse and said second synchronizing clock pulse detected by said synchronism detecting sec- 
tion, and by synthesizing the delayed clock pulses having different phases respectively selected by said switching 
control section, synchronizing the front positions of clock pulses outputted on the basis of said first input signal and 
said second input signal respectively with each other and making the number of pulses of said dock pulses oulput- 
ted on the basis of said first input signal and said second input signal respectively to be a predetermined number 
within a predetermined time. 

In this clock pulse generating circuit, the front positions of dock pulses outputted on the basis of said first input 
signal and said second input signal respectively are synchronized with each other, and the number of pulses of said 
clock pulses outputted on the basis of said first input signal and said second input signal respectively is made to be 
a predetermined number within a predetermined time. 

(5) A clock pulse generating drcuit comprising a basic clock pulse generating section for generating dock pulses 
with a predetermined interval and a delayed clock pulse generating section for generating a group of a plurality of 
delayed dock pulses having different phases respectively by delaying the basic dock pulse generated by said basic 
clock pulse generating section, selecting sequentially delayed dock pulses having different phases respectively out 
of said plurality of delayed clock pulses for each pulse, and generating clock pulses having the numba ot pulses 
generated within a predetermined time made to be a predetermined number by synthesizing these selected clock 
pulses. 

In this clock pulse generating circuit delayed clock pulses having different phases respectively Is selected 
sequentially out of said plurality of delayed dock pulses for each pulse, and dock pulses having the number of 
pulses generated within a predetermined time made to be a predetermined number is generated by syntiiesizing 
these selected clock pulses. 

(6) A clock pulse generating circuit comprising a fcMsic clock pulse generating section for generating pulses with a 
predetermined interval, a first delayed clock pulse generating section for generating a first group of a plurality of 
delayed clock pulses having different phases respectively by delaying the basic dock pulse generated by said basic 
clock pulse generating section, a first selecting means lor selecting sequentially delayed clock pulses having differ- 
ent phases respectively out of said first group of said plurality of delayed clock pulses and for synthesizing tiie 
selected clock pulses such that a number of of pulses generated within a predetermined time is made to be a pre- 
determined number, a second delayed clock pulse generating section for generating a second group of a plurality 
of delayed clock pulses having different phases respectively by delaying tiie delayed clock pulse selected by said 
first selecting means, selecting sequentially delayed clock pulses having different phases respectively out of said 
second group of said plurality of delayed dock pulses for each pulse, and generating clock pulses having a number 
of pulses generated within a predetermined time made to be a predetermined number by synthesizing these 
selected clock pulses. 

In this clock pulse generating circuit delayed clock pulses having different phases respectively is selected 
sequentially out of said first group of said plurality of delayed ctock pulses such that a nurnber of of pulses gener- 
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ated within a predetermined time is made to be a predetermined number, a second group of a plurality of delayed 
clock pulses are generated from the selected delayed clock pulses and delayed clock pulses having different 
phases respectively are selected sequentially for each pulse from said second group of the plurality of delayed 
clock pulses. 

5 (7) A clock pulse generating circuit comprising a basic clock pulse generating section for generating pulses with a 
predetermined interval, a first delayed clock pulse generating section for generating a first group of a plurality of 
delayed clock pulses having different phases respectively by delaying the basic clock pulse generated by the basic 
clock pulse generating section, a synchronism detecting section for detecting a delayed clock pulse which is syn- 
chronized with an index signal out of said first group of the plurality of delayed clock pulses generated by said 

10 delayed clock pulse generating section, a first switching control section for sequentially selecting delayed clock 
pulses having different phases respectively out of said first group of said plurality of delayed clock pulses on the 
basis of a phase correction value which is obtained by referring to the clock pulse detected by said synchronism 
detecting section such that a numbe of of pulses generated within a predetermined time is made to be a predeter- 
mined number, a second delayed dock pulse generating section for generating a second group of a plurality of 

75 delayed clock pulses having different phases respectively by delaying the delayed clock pulse selected by said first 
switching control section by a smaller interval, and a second switching control section fa sequentially selecting 
delayed clock pulses having different phases respectively out of said second group of said plurality of delayed clock 
pulses for each pulse. 

In this clock pulse generating circuit, a phase correction value is obtained by detecting a clock pulse which is 
20 synchronized with an index signal out of a plurality of delayed dock pulses, and on the basis of this phase con'ec- 
tion value, delayed clock pulses having different phases respectively is selected sequentially out of said first group 
of said plurality of delayed clock pulses such that a numbe of of pulses generated vwthin a predetermined time is 
made to be a predetermined number, a second group of a plurality of delayed clock pulses are generated from the 
selected delayed clock pulses and delayed clock pulses having different phases respectively are selected sequen- 
25 tially for each pulse from said second group of the plurality of delayed clock pulses. 

(8) A clock pulse generating circuit comprising a basic clock pulse generating section for generating pulses with a 
predetermined interval, a first delayed clock pulse generating section for generating a first group of a plurality of 
delayed clock pulses having different phases respectively by delaying the basic clock pulse generated by said basic 
clock pulse generating section, a synchronism detecting section for detecting afirst synchronizing point information 

30 and a second synchronizing point information which are synchronized with an index signal out of the plurality of 
delayed clock pulses generated by said delayed dock pulse generating section, a first switching control section for 
sequentially selecting delayed dock pulses having different phases respectively out of said first group of said plu- 
rality of delayed clock pulses on the basis of the number of stages of the delayed dock pulses for a cycle period 
which are obtained from the first synchronizing point information and the second synchronizing point information 

35 detected by said synchronism detecting section, a second delayed dock pulse generating section for generating a 
second group of a plurality of delayed clock pulses having different phases respedively by delaying the delayed 
clock pulse selected by said first switching control section by a smaller interval, and a second switching control sec- 
tion for sequentially seieding delayed clock pulses having different phases respectively out d said second group 
of said plurality of delayed clock pulses for each pulse. 

40 In this clock pulse generating circuit, the number of stages of the delayed clock pulses for a cycle period is 

obtained from a first synchronizing point information and a second synchronizing point information, and on the 
basis of the number of stages for a cylce period, delayed clock pulses having different phases respectively is 
seleded sequentially out of said first group d said plurality d delayed clock pulses such that a numbe of of pulses 
generated within a predetermined time is made to be a predetermined number, a second group of a plurality of 

45 delayed clock pulses are generated from the seleded delayed clock pulses and delayed dock pulses having differ- 
ent phases respectively are selected sequentially tor each pulse from said second group of the plurality of delayed 
clock pulses. 

(9) A clock pulse generating circuit comprising a basic clock pulse generating section for generating pulses with a 
predetermined interval, a first delayed clock pulse generating section for generating a first group of a plurality of 

so delayed clock pulses having different phases respedively by delaying the basic clock pulse generated by said basic 
clock pulse generating sedion. a synchronism deteding sedlon for detecting a first synchronizing dock pulse and 
a second synchronizing dock pulse which are synchronized with a first input signal and a second input signal 
respedively out of the first group of the plurality of delayed clock pulses, a first switching control section for sequen- 
tially selecting delayed clock pulses having different phases respedively out of said first group of said plurality of 

55 delayed clock pulses on the basis of the amount d deviation at the leading position between said first synchronizing 
clock pulse and said second synchronizing dock pulse which are obtained by referring to said first synchronizing 
clock pulse and said second synchronizing clock pulse deteded by said synchronism detecting sedion, a second 
delayed clock pulse generating section for generating a second group d a plurality of delayed clock pulses having 
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different phases respectively by delaying the delayed clock pulse selected by said first switching control section by 
a smaller interval, and a second switching control section for sequentially selecting delayed clock pulses having dif- 
ferent phases respectively out of said second group of said plurality of delayed clock pulses for each pulse, wherein 
the leading position of a clock pulse outputted based on the first input signal and the second input signal is syn- 

5 chronized by synthesizng the delayed clock pulse having different phases respectively selected by said switching 
control section and a number of the clock pulse outputted based on the first input signal and the second input signal 
is made to be a predetermined number. 

In this clock pulse generating circuit, the leading positions of clock pulses outputted on the basis of said first 
input signal and said second input signal respectively are synchronized with each other, and the number of pulses 

10 of said clock pulses outputted within a predetermined time on the basis of said first input signal and said second 
input signal respectively is made to be a predetermined number, further, the second group of delayed clock pulses 
are generated from the selected delayed clock pulses and clock pulses are sequentially selected for each pulse 
from the second group of the plurality of delayed clock pulses. 

Namely, the leading positions of at least two clock pulses are synchronized with each other without adjusting 

15 finely the frequency of clock pulses and the number of pulses are made to be a predetermined number. Further, 
the second group of the plurality of delayed clock pulses are generated by changing gradually finely the phase of 
the selected delayed clock pulses and delayed clock pulses having different phase respectively are selected for 
each pulse. 

20 BREIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Fig 1 is a drawing of the structure showing the overall electrical structure of an example of the embodiment of this 
25 invention. 

Fig. 2 is a block diagram showing the circuit structure of the electrical exposure unit 400 in the first ennbodiment. 
Fig. 3 is an illustration showing delay elements cascaded like a chain with the number of stages. 
Fig. 4 is a block diagram showing a structure of a principal part of the clock generating circuit of the first embodi- 
ment. 

30 F\Q. 5 is an illustration explaining a method of detecting a deviation. 

Figs. 6(a) to 6(g) are time charts explaining an operation of the clock generating circuit of the first embodiment. 
Figs. 7(a) to 7(n) are time charts explaining synchronized states between an index signal and delayed clock pulses. 
Figs. 8(a) to 8(f) are time charts explaining an operation of the clock generating circuit of the first embodiment. 
Fig. 9 is a block diagram showing the circuit structure of the electrical exposure unit 400 in the second embodiment. 

35 Figs. 10(a) to 10(g) are time charts explaining an operation of the clock generating circuit of the second embodi- 
ment. 

Figs. 1 1(a) and 11 (b) are illustrations of a scanning line explaining an operation of the clock generating circuit of 
the second embodiment. 

Figs. 12(a} to 12(f) are time charts explaining an operation of the clock generating circuit of the second embodi- 
40 ment. 

Fig. 13 Is a schematic view showing a construction of an image forming apparatus to which the clock generating 
circuit of the present invention can be applicable. 

Fig. 14 is a perspective view showing an optical system for use in the image forming apparatus of Fig. 13. 

45 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 7] In the following, with reference to the drawings, examples of the embodiment of a clock pulse generating cir- 
cuit of this invention will be explained in detail. First, the whole structure of a color image forming apparatus will be 
explained by using Fig. 1 3 which is a drawing of the mechanical structure of the color image forming apparatus to which 
so a clock pulse generating circuit of an example of the embodiment of this invention is applicable. 

[0018] In addition, the image forming apparatus of this example of the embodiment is a multi-color image forming 
apparatus, and it is taken for instance herein a color image forming apparatus using toners of four colors, namely, Y (yel- 
low), M (magenta). C (cyan), and K (black). 

[0019] Rrsl. the image bearing member (photoreceptor) 1 of an endless belt shape entrained around the upper 
55 roller 3. the lower roller 5. and the side roller 7 is extended in the upward and downward direction by the upper roller 3 
and the tower roller 5. and is driven in the direction of the arrow marks 1. 

[0020] Further, on the surface of the portion of the image bearing member 1 moving from down to up, the pressing 
roller 9 as a guide means tor guiding the image bearing member 1 to the direction of a closed space formed by the 
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image bearing member 1 by pressing h to the direction of the closed space. 

[0021] At the upper portion of the surface of the portion of the image bearing member which is moving from down 
to up, there is provided the cleaning means 1 1 which Is in rubbing contact with the image bearing member 1 and 
removes the toner particles on the image bearing member 1 . 
5 [0022] Under the cleaning means 1 1 along the image bearing member 1 , there is provided the recovery box 21 as 
a collecting means for collecting the toner particles removed by the cleaning means 1 1 . 

[0023] In the following, the explanation of the latent image forming means for forming a latent Image on the Image 
bearing member 1 will be given. The image forming apparatus of this example of the embodiment is a four-color image 
forming apparatus, and accordingly It has four means for forming a latent Image con'esponding to the respective colors. 

10 [0024] That is, they are the optical writing section for Y 25 which forms a latent image for Y (yellow) using a laser 
beam on the image bearing member 1 , the optical writing section for M 27 which forms a latent image for M (magenta) 
using a laser beam on the image bearing member 1 , the optical writing section tor C 29 which forms a latent image for 
C (cyan) using a laser beam on the image bearing member 1 . and the optical writing section for K 31 which forms a 
latent image for K (black) using a laser beam on the image bearing member 1 . 

75 [0025] Next, the developing units will be explained. Four developing units for developing the latent images for the 
respective colors which have been formed on the image bearing member 1 are provided. That is, they are the develop- 
ing unit for Y 42 for developing the latent image which has been formed by the optical writing section for Y 25, the devel- 
oping unit for M 43 for developing the latent Image which has been formed by the optical writing section for M 27, the 
developing unit for C 45 for developing the latent image which has been formed by the optical writing section for C 29, 

20 and the developing unit for K 47 for developing the latent Image which has been formed by the optical writing section 
for K 31. 

[0026] Further, corresponding to the developing units for the respective colors 42. 43, 45, and 47, the charging elec- 
trodes of the charging means for giving charge to the image bearing member 1 are provided. That is. they are the charg- 
ing electrode for Y 61 , the charging electrode for M 63, the charging electrode for C 65, and the charging electrode for 
25 K 67. Besides, the charging means for the respective colors of this example of the embodiment comprise the grids 71 . 
73. 75. and 77 respectively for controlling the charged electric potential on the image bearing member 1. 
[0027] 81 is the paper feeding section, which is equipped with the cassette 83 receiving the transfer paper P as a 
transfer material. The transfer paper P in the cassette 83 is conveyed out by the conveying-out roller 85, is transported 
by the transport roller pair 87 and the registration roller 88, being held between them, and is fed to the transfer means 

30 91. 

[0028] At the transfer means 91 , there Is provided the transfer roller 92 which is kept at an electric potential of the 
opposite polarity to the image bearing member 1 ; this transfer roller 92 is disposed in such a manner as to hold the 
image bearing member 1 between it and the cooperating side roller 7. 

[0029] 1 00 Is the fixing section for fusing the toner particles to the transfer paper P by applying heat and pressure 
35 to the transfer paper P with the pair of heat rollers 101 pressed to keep the paper between them, and 1 1 0 is the pair of 
transport rollers which transports the transfer paper P having been subjected to heat fixing to the receiving tray 111. 
with the paper held between them. 

[0030] Further, 1 20 is the paper transport path on which the transfer paper P of a different size fed from a paper 
feeding section provided outside the apparatus is transported. 
40 [0031 ] In the following, the overall operation of the image forming apparatus of the above-described structure will 
be explained. 

[0032] When the image bearing member 1 is driven in the direction of the an^ow marks I, the surface potential of the 

image bearing member 1 is made to reach to a predetermined value by the charging means tor Y composed of the 

charging electrode 61 and the grid 71 . 
45 [0033] Next, a latent image is formed on the image bearing menfiber 1 by the optical writing means for Y 25. Then, 

toner particles in the developer carried on the developing sleeve 55 of the developing unit for Y 42 are removed onto 

the Image bearing member 1 by Coulomb's force, to form a toner image on the Image bearing member 1. 

[0034] The same operation as the above is performed for the rest of colors, namely, M, C. and K, and toner images 

of Y, M, C, and K are formed on the image bearing member 1. 
so [0035] On the other hand, from the paper feeding section 81 , the transfer paper P is fed toward the transfer means 

91 by the conveying-out roller 85 and the transport roller pair 87. 

[0036] The fed transfer paper P Is adjusted for its timing against the toner images on the image bearing member 1 
to be in synchronism with them and fed to the transfer means 91 by the registration roller 88; then, it is charged by the 
transfer roller 92 of the transfer means 91 . and the toner images on the image bearing member 1 is transferred onto the 
55 transfer paper R 

[0037] Next, the transfer paper P is heated and pressed in the fixing section 1 00, with the toner Images fused on it, 
and is ejected onto the receiving tray 1 1 1 by the pair of transport roller 110. 

[0038] On the other hand, the residual toner particles after transfer on the image bearing member 1 are removed 
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by the blade 17 of the cleaning means 1 1 . and are stored in the collection box 21 . 

[0039] Incidentally, the structure of the optical writing section is as shown In Fig. 14. That Is, the laser diode LD 
emits light on the basis of the signal generated in the circuit section 480. Then, the laser beam from the LD 47 having 
been passed through the collimator lens 491 and the cylindrical lens 492 is deflected for scanning by the polygonal mir- 
s rot 493. passing through the fO lens 494 and the cylindrical lens 494, and scans the innage bearing member 1 for writing. 
In addition, a part of the laser beam deflected by the polygonal mirror is led to the index sensor 402 for detecting the 
timing. 

[0040] In the following, an example of the embodiment of a clock pulse generating circuit of this invention will be 
explained in detail with reference to the drawings. 

10 

(STRUCTURE OF THE FIRST EXAMPLE OF PRACTICE OF THE CLOCK PULSE GENERATING CIRCUIT) 

[0041] Fig. 1 is a drawing of the structure showing the overall electrical structure of an example of the embodiment 
of this invention. 200 is the CPU as control means for generating the dot clock pulses to be described later, 210 is the 

75 sensor of a reflecting type for detecting deviation by sensing the reflected light from a predetermined image formed on 
the image bearing member 1 , 250 is the exposure unit for Y for reading out an image signal in synchronism with a dot 
clock pulse and outputting a laser beam having been modulated in accordance with the signal value of the image signal 
to the image bearing member 1 , 270 is the exposure unit for M for reading out an image signal in synchronism with a 
dot clock pulse and outputting a laser beam having been modulated in accordance with the signal value of the image 

20 signal to the image bearing member 1, 290 is the exposure unit for C for reading out an image signal in synchronism 
with a dot dock pulse and outputting a laser beam having been modulated In accordance with the signal value of the 
image signal to the inrage tjearing member 1 , and 310 is the exposure unit for K for reading out an image signal in syn- 
chronism with a dot clock pulse and outputting a laser beam having been modulated in accordance with the signal value 
of the image signal to the image bearing member 1 . 

25 [0042] Further. Fig. 2 is a block diagram showing the circuit structure of the electrical exposure unit 400 in the 
above-described exposure unit for Y, exposure unit for M. exposure unit for C. and exposure unit for K, together with the 
CPU 200 etc. In addition. In this Fig. 2, only the exposure unit 400 is shown, but actually the equivalent ones are pro- 
vided in the exposure units for M. C, and K respectively. 

[0043] In this Fig. 2, the delay chain section 41 0 is the group of delay elements composing the delay section of this 
30 invention for obtaining a plurality of delayed clock pulses having phases which are a little different from one another 

respectively (0 in Fig. 2) by delaying the input clock pulse (basic clock pulse from the basic clock pulse generating 

section 401). In the above, as shown in Fig. 3. it is desirable that the delay chain section 410 is made up of the delay 
' elements cascaded like a chain with the number of stages made to be capable of generating the delayed clock pulses 

having a little different phases one another, wherein the phase shift ranges over tow or more periods. 
35 [0044] Besides, the basic clock pulse generating section 401 may be built in each of the exposure units, however, 

It is possible to distribute the basic clock pulse from a single clock pulse generating section 401 to each of the exposure 

units. 

[0045] Further, the index sensor 402 is provided for detecting the standard position in the scanning by the laser 
beam. 

40 [0046] Rg. 7 shows the index signal and the delayed clock pulses outputted from the respective delay elements. 
[0047] The synchronized clock pulse detecting section 420 Is a detecting means for detecting the stage number 
(synchronizing point) of the signal which is synchronized with the index signal out of the group of the delayed clock 
pulses, and outputs the synchronizing point information {0 in Fig. 2). In the above, it is desirable that the synchronized 
clock pulse detecting section 420 can output the first synchronizing point information SP1 at which synchronization with 

45 the index signal firstly occurs and the second synchronizing point information SP2 at which synchronization with the 
index signal secondly occurs. 

[0048] In Rg. 7, the first synchronizing point information SP1 indicates the synchronizing point of the delayed dock 

pulse from the delay element DL 20, and the second synchronizing point information SP2 indicates the synchronizing 

point of the delayed clock pulse from the delay element DL 50. 
so [0049] The image leading end control section 430 receives the synchronizing point information (® in Fig. 2) from 

the synchronized dock pulse detecting section 420, and outputs the synchronizing point correction information (® in 

Fig. 2) on the basis of the image leading end deviation information (© in Fig. 1 . © in Fig. 2) from the CPU 200. 

[0050] The delayed clock pulse switching control section 440 obtains the phase correction value on the basis of the 

synchronizing point con'ection information ((§> in Fig. 2) from the image leading end control section 430 and the fre- 
55 quency deviation information (© in Fig. 2) from ttie CPU 200. and outputs the select signal «3) in Fig. 2) indicating of 

which phase the delayed clock pulse is to be selected out of the group of the delayed clock pulses. 

[0051] In addition, tiie image leading end deviation information and the frequency deviation information will be 

explained later. 
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[0052] The delayoJ dcxik pulse selecting section 450 receives the select signal from the delayed clock pulse switch- 
ing control section 440, selectng the delayed clock pulse having a correspondent phase out of the group of the delayed 
clock pulses, and outputs it as a dot clock pulse. 

[0053] Further, the PWM section 460 receives the dot clock pulse and the image signal, and generates a signal for 
6 driving the laser diode (LD) 470. From the LD 470, a laser t>eam which is modulated lor pulse width in accordance with 
the value of the image signal is emitted, and applied to the image bearing member 1 . 

[0054] Further, as shown in Fig. 4, the delayed clock pulse switching control section 440 comprises the connection 
value calculating section 441 for obtaining the phase correction value corresponding to the frequency deviation infor- 
mation as a count value for correction (count load data), the switching counter 442 which generates a count data for 
10 switching over the stage number of the group of delayed clock pulses to be selected by counting the count load data, 
and the select signal operating section 443 for outputting the select signal indicating of which phase the delayed clock 
pulse to be selected out of the group of the delayed clock pulses by refen-ing to the count data and the synchronizing 
point information. In addition, It Is desirable for the reason to make the switching over to be difficult to be noticed that, 
in the switching counter 442, the switching-over point of the delayed clock pulses is to be varied for every line. 

(PRINCIPLE OF DETECTON OF DEVIATION) 

[0055] Now, with reference to Rg. 5, how deviation Is detected will be simply explained. An image of a predeter- 
mined pattern (here, a pattern made up of a folded line composed of a horizontal line and an oblique line making an 
20 acute angle with the former) is fonned at the leading end side on the image bearing member 1 by the exposure units 
250, 270, 290, and 310. A pattern indicated by the solid lines has been formed on the image bearing member, but If it 
is properly formed, a pattern indicated by the broken line is expected. 

[0056] Here, a deviation of dx is produced in the direction of main scanning owing to deviations in the exposure 
units, aben'ations of the lenses in the optical systems etc. In this case, by performing the sensing by the reflection type 
25 sensor 21 0 disposed at a position capable of sensing the pattern with the image bearing member moved in the direction 
of sub-scanning, the time interval for sensing con-esponding to the distance Y' from the horizontal line to the oblique line 
of the predetermined pattern can be obtained. 

[0057] The difference dy between the distance Y' and the distance YO. which is the distance between the horizontal 
line and the oblique broken line can be obtained from the moving velocity of the image bearing member in the direction 
30 of sub-scanning and the difference between the sensing time interval for the horizontal fine and the oblique line indi- 
cated by the solid lines and the theoretical time interval con-esponding to the broken lines. Next, let O be the angle made 
by the horizontal tine and the oblique line, then the deviation dx in the direction of main scanning can be obtained by 
the following equation: 

35 dx = dy/tane. 

[0058] Accordingly, by performing the formation of the predetermined pattern and the sensing of it for the respective 
colors Y, M. C. and K. it is possible to detect the state of deviation at the leading end of the Image in the direction of 
main scanning (the image leading end deviation information). 
40 [0059] Further, by forming the predetermined pattern of the same shape as the above at each of the leading end 
and the trailing end in the main scanning direction on the same sub-scanning position and measuring the distance 
between them, the state of deviation concerning the expansion and contraction of an image in the main scanning direc- 
tion (frequency deviation information) can be detected. 

[0060] Thus, the CPU 200 performs such processing as this and supplies the image leading end deviation informa- 
45 tion (@) in Rg. 1 , (§) in Fig. 2) and the frequency deviation information (© in Fig. 1 , (g) in Fig. 2) to the exposure units. 

(OPERATION OF THE CLOCK PULSE GENERATING CIRCUIT) 

[0061] In the following, the operation of the clock pulse generating circuit of the first example of practice will be 
so explained. Herein, the explanation will be given taking it for instance a case wherein It Is applied to an image forming 
apparatus making the image formation of four colors Y. M. C, and K. 

[0062] Further, the image forming apparatus using the clock pulse generating circuit of this example of the embod- 
iment is equipped with the exposure unit for Y 250. the exposure unit for M 270, the exposure unit for C 290, and the 
exposure unit for K 310: hence, the following carespond to this: an apparatus which forms a four-color image during 
ss one rotation of a belt-shaped image bearing member, an apparatus which is equipped with exposure units and photore- 
ceptor drums for the colors Y, M, C. and K respectively and carries out image forming during a single passing through 
of a recording paper, and so forth. 

[0063] That is, the clock pulse generating circuit of this invention can be applied to any one of various kinds of 
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image forming apparatus if only it is equipped with a plurality of exposure units and has a possibility of producing a color 
deviation even by using the same basic clock pulse for the exposure units. 

(EXAMPLE OF OPERATION (1)) 

[0064] First, with reference to the time chart in Fig. 6, it will be explained, with regard to an arbitrary color taken for 
Instance, an operation for an adjustment such that, by referring to the frequency deviation information, the number of 
pulses of a dot clock pulse Is made to be a predetermined number by shifting the delayed clock pulse to be used as the 
dot clock pulse successively at every certain amount of time, and also the time period during which the above-men- 
tioned predetermined number of pulses are generated is made to be a predetermined time. 
[0065] Frequency deviation information indicating the frequency deviation ER detected by the above described for- 
mation of the predetermined pattern and sensing, clock pulse period Information of the clock pulse frequency TC to be 
obtained from the frequency of the basic dock pulse, and number-of-pixels per line Information indicating the number 
of pixels to be formed in the direction of main scanning are given to the correction value calculating section 441 from 
the CPU 200. Further, from the first synchronizing point information SP1 and the second synchronizing point informa- 
tion SP2 from the synchronized signal detecting section 420. the number of stages of the delay elements for a cycle 
period NS (the number of stages of the delay elements by which delay for one cylce period of the basic clock pulses is 
obtained) is obtained. 

[0066] Further, the CPU 200 gives deviation direction information to the select signal operating section 443; it gives 
{-correction) information for making a con-ection to give contraction against the deviation expanding in the main scan- 
ning direction, and it gives {+correction} information for making a correction to give expansion against the contraction in 
the main scanning direction. Here, the case of {-conection} Is taken for instance. 

[0067] It is assumed that the frequency deviation Information ER and the deviation direction Information have been 
obtained by the above-described formation of the predetermined pattern and its measurement. Here, suppose that ER 
is 6 ns and the deviation direction information = {-connection}, that is. it indicates that correction to give contraction 
against the expanded image should be made. 

[0068] Rrst, the synchronized clock pulse detecting section 420 obtains the first synchronizing point information 
SP1 and the second synchronizing point Information SP2 with reference to the rise-up of the index signal from the index 
sensor 402. 

[0069] The aforesaid first synchronizing point information SP1 indicates the stage number of the delay element of 
the delay chain section 410 which is in synchronism with the rise-up of the index signal, and the aforesaid second syn- 
chronizing point information SP2 indicates the stage number of the delay element of the delay chain section 410 which 
Is delayed by one period of the basic clock pulse from said first synchronizing point infomiation SP1 . 
[0070] Here, assume that SP1 = 20, and SP2 = 50. Further, this condition is indicated in Fig. 7. In this drawing, it is 
indicated the state that the DL20 of which the stage number is 20 ((c) in Fig. 7) and the DL50 of which the stage number 
is 50 ((m) in Fig. 7) delayed by one period of clock pulse from the LD20 are in synchronism with the rise-up of the index 
signal ((a) In Fig. 7). 

[0071] Next, the number of stages of the delay elements for a cycle period NS is obtained from the aforesaid first 
synchronizing point information SP1 and the aforesaid second synchronizing point information SP2. Now, said number 
of stages of the delay elements for a cycle period NS indicates the number of stages between the delay elements, the 
delay time difference between which is equal to the time for one period of the basic clock pulse. In this example of the 
embodiment, the number of stages of the delay elements for a cycle period NS = 30 is obtained from the equation 
NS = SP2 - SP1 . 

[0072] Further, the delay time per stage of the delay elements DT is obtained from the aforesaid NS and the period 
of the basic clock pulse. For example, If the period of the basic clock pulse TC is 30 ns, by using NS = 30, DT = 1 ns Is 
obtained from the equation DT ^ TC/NS . Because the delay time per stage of the delay elements varies owing to the 
temperature condition of the Integrated circuit, the fluctuation of the voltage of the power source supplied to the inte- 
grated circuit etc.. It Is to be consrclered that it becomes 1 .5 ns in one case, and it becomes 0.5 ns in another case. How- 
ever, because the frequency of the basic dock pulse does not vary, the delay time per stage of the delay elements at 
the time of measurement can be obtained precisely by obtaining the number of stages of the delay elements for a cycle 
period NS. 

[0073] Then, the number of switching-over stages NC Indicating the number of stages of the delay elements con-e- 
sponding to the amount of time by which the phase of the dot clock pulse Is to be shifted finally for the purpose of obtain- 
ing a proper Image signal is obtained from the frequency deviation information ER. deviation direction information, and 
the delay time DT Here, the number of switching-over stages NC = -6 is obtained from the equations ER = 6 ns. the 
deviation direction information = {-correction}, and DT = 1 ns. 

[0074] In order to obtain a proper image signal from the above-mentioned number of switching-over stages NC. It 
Is appropriate to advance the stage number of the delay elements by six before the end of the scan line. That is, it Is to 
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the purpose that, in synchronism with the rise-up of the index signal, the delayed clock pulse from the delay element of 
the fiftieth stage is employed as the dot clock pulse at first, and after that, every after a certain elapsed time is counted 
by a counter, in synchronism with the select signal within one scanning line, the delayed clock pulses from the delay 
element of the forty ninth stage, of the forty eighth stage, of the forty seventh stage, of the forty sixth stage, of the forty 
5 fifth stage are successively substituted for the former one to be employed as the dot clock pulse, and finally the delayed 
clock pulse from the delay element of the forty fourth stage is employed as the dot clock pulse. 
[0075] The above-described process Is shown in Fig. 6. Fig. 6(f) indicates the state of employing the clock pulse 
from the forty fourth stage finally. 

[0076] Further, if the number of stages to be shifted is larger than the number of stages of the delay elements for a 

10 cycle period, it is appropriate to circulate the select signal. In the above-described example, in the {-con-ection} case 
where SPi = 20. SP2 = 50, and the number of stages of the delay elements for a cycle period is 30. at the timing when 
the select signal becomes 20, having been varied stepwise as 50. 49, — , 21, 20, it is appropriate to make the select 
signal next 49, then to vary to 48. — . That is, the select signal is made to be 50, 49, — . 21, 20 50). 49, 48, — . In 
addition, in the same way also in the {-Kiorrection} case, the select signal may be circulated. 

15 [0077] The delayed clock pulse selecting section 450, having received the alsove-mentioned select signal, makes 
the selection in such a manner as to select the delayed clock pulses from the fiftieth stage, from the forty ninth stage, 
from the forty eighth stage, from the forty seventh stage, —out of the group of delayed clock pulses from the delay chain 
section 410, and supplies the delayed clock pulses to the exposure unit as the dot clock pulse ((g) in Fig. 6). 
[0078] In this case, by selecting the delayed clock pulses from the fiftieth stage, from the forty ninth stage, from the 

20 forty eighth stage, from the forty seventh stage, — out of the group of delayed dock pulses, at first the delayed clock 
pulse (the delayed clock pulse from the fiftieth stage) synchronized with the index signal is obtained, and then at every 
time when the switching counter 442 counts up, the delayed clock pulses (from the forty ninth stage, from the forty 
eighth stage, from the forty seventh stage) of a little shorter delay (with an advanced phase) is successively periodically 
obtained one after another within a single scanning line. As a result of this, the {-conection} is actualized and such a 

25 connection as to finally contract the deviation expanding in the main scanning direction by 6 ns is carried out. 

[0079] Further, in the {+conection} case, with the first synchronizing point information SP1 made to be the initial 
value, by selecting the delayed clock pulses from the twentieth stage, from the twenty first stage, from the twenty sec- 
ond stage, from the twenty third stage, — . out of the group of delayed clock pulses, at first the delayed clock pulse (from 
the twentieth stage) synchronized with the index signal is obtained, and successively the delayed cloci^ pulses (from the 

30 twenty first stage, from the twenty second stage, from the twenty third stage, — ) of a little longer delay (with a retarded 
phase) one after another. As a result of this, the {-fcorrection} Is actualized and such a correction as to f inaly expand 
the deviation contracting a scanning line in the main scanning direction Is carried out. 

[0080] That is. with reference to the frequency deviation information, it can be performed an adjustment such that 
the number of pulses of a dot clock pulse in a single scanning line is made to be a predetermined number by shifting 
35 the delayed clock pulse to be used as the dot clock pulse successively every certain amount of time, and also the time 
period during which the above-mentioned predetermined number of pulses are generated is made to be a predeter- 
mined time. 

[0081] Further, in performing the above-described operation, the switching counter 442 is let to continue to operate 
regardless of H_VALID. during V_VAL1D is active. By doing this, the atx)ve-described switching-over can be done at 
40 random positions on each of scan lines, and the switching-over of the dot dock pulse is not easy to be noticed in an 
image. 

(EXAMPLE OF OPERATION (2)) 

45 [0082] In the following, with reference to the time chart in Fig. 8, with regard to the four colors Y, M. C. and K, it will 
be explained an operation for an adjustment such that, by referring to the frequency deviation Information, the number 
of pulses Is made to be a predetermined number by shifting a pulse of a delayed clock pulse every certain amount of 
time, and also the time p^lod during which the above-mentioned predetenmined numi^er of pulses are generated is 
made to be a predetermined time. 

so [0083] Further, in this example of operation, explanation will be given using concrete numerical values. Moreover, 
here, explanation will be given taking it for instance the case where the relative deviations of M. C, and K (ERym, ERyc. 
ERyk) with regard to Y, with Y taken as the standard, is detected, and a correction to fit M, C, and K to Y is made. 
[0084] Now, assume that 

ss the number of pixels per line in the main scanning direction PH = 4720, 
the number of stages of the delay chain section 410 » 256, 
the dock pulse frequency » 33 MHz, 
the dock pulse period TC = 30 ns, 
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the delay time per stage DT = 1 ns (0.5 ns to 2.0 ns), 
the number of stages of the delay elements for a cycle period NS = 30. 
in the Y exposure unit 61 , SP1 y = 1 0, SP2y = 40, 
In the M exposure unit 62. SP1 m = 20. SP2m = 50, ERym = +7ns. 
5 in the C exposure unit 63. SPIc = 15. SP2c = 45, ERyc = -4ns, 

and 

in the K exposure unit 64. SP1 k = 25, SP2k = 55. ERyk = +2ns. 

[0085] In this case, the correction for M should be -7sec, the correction for C should be +4ns. and the correction for 
10 K should be -2ns. Therefore, the numbers of switching-over stages as has been described in the foregoing (the number 
of switching-over stages NCm. the number of switching-over stages NCc. and the number of switching-over stages 
NCk) are obtained, and the select signal operating section 443 generates the respective select signals respectively for 
M, C, and K in accordance with the result of the counting. In addition, with regard to Y, the select signal may be fixed 
because It is the standard for M. C, and K. 
75 [0086] In the delayed clock pulse selecting section 450 having been received such a select signal as mentioned in 
the above, with regard to Y, the delayed clock pulse from the fortieth stage is selected out of the group of delayed clock 
pulses from the delay chain section 41 0. and is supplied to the exposure unit for Y 51 {(c) in Fig. 8). 
[0087] Further, at each time when the switching counter 442 counts up, the delayed clock pulse selecting section 
450, with regard to M. selects the delayed clock pulses from the fiftieth stage, from the forty ninth stage, from the forty 
20 eighth stage, from the forty seventh stage, — , and from the forty third stage out of the group of delayed clock pulses 
from the delay chain section 410, and supplies each of them as a dot clock pulse to the exposure unit for M 62 ((d) in 
Fig. 8). Owing to this, the correction of -7 sec in total is carried out. 

[0088] Further, at each time when the switching counter 442 counts up. the delayed clock pulse selecting section 
450, with regard to C. selects the delayed clock pulses from the forty fifth stage, from the forty sixth stage, from the forty 
25 seventh stage, and from the forty eighth stage out of the group of delayed clock pulses from the delay chain section 410, 
and supplies each of them as a dot dock pulse to the exposure unit lor c 63 ((e) in Fig. 8). Owing to this, the correction 
of +4 sec in total is carried out 

[0089] Further, at each time when the switching counter 442 counts up. the delayed clock pulse selecting section 
450, with regard to K, selects the delayed clock pulses from the fifty fifth stage and from the fifty fourth stage out of the 
30 group of delayed dock pulses from the delay chain section 410. and supplies each of them as a dot clock pulse to the 
exposure unit for K 64 ((f) in Fig. 8). Owing to this, the correction of -2 sec in total is carried out. 
[0090] Besides, the number of switching-over NC of the select signal (delayed dock pulse) is expressed by the fol- 
lowing equation (1): 

35 NC=ER/(TC/NS) (1). 

[0091] By the above-described processing, the deviations for Y M, C, and K in the direction of main scanning is 
eliminated, and an image without cotar deviation is to be formed. Further, by letting the switching counter 442 continue 
to operate, the above-described switching can be done at random positions in each of scan lines, which makes the 
40 switching-over of the dot clock pulse difficult to notice in an image. 

(DETAILED STRUCTURE OF THE SECOND EXAMPLE OF PRACTICE OF THE CLOCK PULSE GENERATING CIR- 
CUIT) 

45 [0092] In the following, the second example of practice of the clock pulse generating circuit of this invention will be 
explained in detail. 

[0093] Fig. 9 is a block diagram showing the circuit structure in the electrical exposure unit 400 of the second exam- 
ple of practice in each of the exposure unit for Y 250. the exposure unit for M 270, the exposure unit for C 290, and the 
exposure unit for K 310, together with the CPU 200 etc. In addition, in this Fig. 9. only the exposure unit 400 is shown, 

so but actually the equivalent ones are provided in the exposure units for M. C. and K respectively. 

[0094] In this Fig. 9. the first delay chain section 41 0 is the group of delay elements making up the first delayed sig- 
nal generating section of this invention for obtaining a plurality of delayed signals having phases which are a little differ- 
ent from one another respectively (the first group of delayed clock pulses: ® in Fig. 9) by delaying the Input signal 
(basic clock pulse from the basic clock pulse generating section 401), and is made up in a manner as shown in Fig. 3 

55 described in the foregoing. 

[0095] The synchronized clock pulse detecting section 420 is a detecting means for detecting the stage number 
(synchronizing point) of the delayed clock pulse which is synchronized with the index signal out of the first group of the 
delayed signals (® in Fig. 9), and outputs the synchronizing point information (® in Fig. 9). 
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[0096] In the above, it is desirable that the synchronized clock pulse detecting section 420 can output the first syn- 
chronizing point information SPl at which synchronization with the index signal firstly occurs and the second synchro- 
nizing point information SP2 at which synchronization with the index signal secondly occurs, among the the first group 
of delayed clock pulses (Q) in Fig. 9). 

5 [0097] The image leading end control section 430 receives the synchronizing point information ((g> in Fig. 9) from 
the synchronized dock pulse detecting section 420, and outputs the synchronizing point conreclion infornrYatton (® in 
Fig. 9) on the basis of the image leading end deviation information (® in Fig. 9) from the CPU 200. 
[0098] The delayed clock pulse switching control section 440 obtains the phase correction value on the basis of the 
synchronizing point correction information {® in Fig. 9) from the image leading end control section 430 and the fre- 

10 quency deviation Information ((g) in Fig. 9) from the CPU 200. and outputs the upper rank select signal (® in Fig. 9) 
indicating of which phase the delayed clock pulse is to be selected out of the first group of delayed clock pulses (Q) in 
Fig. 9). 

[0099] The delayed clock pulse selecting section 450 receives the upper rank select signal (® in Fig. 9) from the 
delayed clock pulse switching control section 440, selecting the delayed dock pulse having a correspondent phase out 

IS of the first group of the delayed clock pulses (0 in Fig. 9), and outputs it as the first dot clock pulse (® in Fig. 9). 
[0100] Further, it is desirable that the second delay chain section 41 2 is composed of the delay elements cascaded 
like a chain with such a number of stages as to be capable of generating the second group of delayed clock pulses (Q) 
in Fig. 9) any one of which has a slightly different phase from the others, each phase shift being made by further finely 
dividing the amount of phase shift produced by the first delay chain section 410. 

20 [0101] Further, the second selecting section 452 receives the lower rank select signal {Q> in Fig. 9) from the 
delayed clock pulse switching control section 440, selecting a delayed clock pulse having the correspondent phase out 
of the second group of delayed clock pulses {@ in Fig. 9), and outputs it as a final dot clock pulse. 
[01 02] Further, the P WM section 460 receives the final dot clock pulse and the image signal, and generates a signal 
for driving the laser diode (LD) 470. From the LD 470. a laser beam which is modulated for pulse width in accordance 

25 with the value of the image signal is emitted, and applied to the image bearing member 1 . 

[0103] Further, the delayed clock pulse switching control section 440 is made up in a manner such that, with refer- 
ence to the frequency deviation information and the synchronizing point information, it outputs the upper rank select sig- 
nal and the lower rank select signal, both determining respectively of which phase a delayed clock pulse is to be 
selected out of each of the first group of delayed clock pulses and the second group of delayed clock pulses. 

30 [0104] In the above, each of the select signals for detenmining of which phase a delayed dock pulse is to be 
selected is let to be circulated, while they are sequentially switching over the delayed dock pulses con'esporxjing to two 
bits of the synchronizing point information. 

[0105] Further, the GPU 200 can-ies out the detecting process of the predetermined pattern composed of a hori- 
zontal line and an oblique line making an acute angle with the former shown in Fig. 5 in the same way as the first exam- 
35 pie of practice, and supplies the image leading end deviation information {® in Fig. 9) and the frequency deviation 
information ((g) in Fig. 9) to the exposure units. 

(EXAMPLE OF OPERATION (3)) 

40 [0106] First, with reference to the time chart in Fig. 10, with regard to an arbitrary color taken for instance, it will be 
explained up to a point where the first dot clock pulse is generated an operation for an adjustment such that, with refer- 
ence to the frequency deviation Information, the number of pulses is made to be a predetermined number by using 
delayed clock pulses having different phases respectively from one another for each pulse, and also the time during 
which this predetermined number of pulses are generated is made to be a predetermined amount of time. 

45 [01 07] Frequency deviation information indicating the frequency deviation ER detected by the above described for- 
mation of the predetermined pattern and sensing, clock pulse period information of the clock pulse frequency TC to be 
ot)tained from the frequency of the basic clock pulse, and number-of-pixels per line Information indicating the nunnber 
of pixels to be formed in the direction of main scanning are given to the correction value calculating means in the 
delayed dock pulse switching control section 440 from the CPU 200. Further, from the first synchronizing point informa- 

50 tion SP1 and the second synchronizing point infomnation SP2 from the synchronized signal detecting section 420, the 
nunf^er of stages for a period NS is obtained. 

[0108] Now. the correction value calculating means in the delayed clock pulse switching control section 440 obtains 
the correction count value (count load data) CC con-esponding to the connection value on the basis of the equation 
shown in the following: 

55 

CC=PHx(NS/TC)/ER (2). 
[0109] This correction count value CC is obtained for the purpose that the switching count means in the delayed 
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clock pulse switching control section 440 counts down the number of pulses and makes the switching-over of the upper 
rank select signal and the switching-over of the lower rank select signal. Accordingly, the correction value CC for switch- 
ing over becomes smaller as the correction value becomes larger. 

[0110] Further, with reference to the rise-up of the index signal from the index sensor 402. the synchronized clock 
5 pulse detecting section 420 obtains the stage number of the first delay chain section at which a delayed clock pulse syn- 
chronized with this rise-up of the index signal is obtained as the synchronizing point information. 
[Oil 1 J Here, suppose that the first synchronizing point information SP1 is obtained as 20. and the second synchro- 
nizing point information SP2 is obtained as 50. Thus, in this case, the above-described number of stages for a period 
NS is 30. 

70 [01 1 2] Now, by the scanning by the laser beam of the exposure unit, the index sensor generates the index signal at 
the timing when it detects the laser beam ((1) in FIG 10(a)). After this. H_VALID indicating the effective area in the hor- 
izontal direction becomes active. 

[01 1 3] Then, the switching count means In the delayed clock pulse switching control section 440 continues to count 
down repeatedly the aforesaid correction count value CC in accordance with the l)asic clock pulse. Further, every time 

15 when the count value becomes zero by counting down, it gives the count data as an interrupting signal to the select sig- 
nal operating means 443 in the delayed clock pulse switching section 440 ((d) to (f) in Fig. 6). 
[0114] Further, the CPU 200 gives deviation direction information to the select signal operating means 443 in the 
delayed clock pulse switching control section 440; it gives {-correction} Information for making a correction to give con- 
traction against the deviation expanding in the main scanning direction, and it gives {+correction) information for making 

20 a correction to give expansion against the contraction in the main scanning direction. Here, the case of {-correction} is 
taken for instance. 

[01 1 5] It is assumed that the frequency deviation information ER and the deviation direction information have been 
obtained by the above<tescrlbed formation of the predetermined pattern and its measurement. Here, suppose that ER 
is 6 ns and the deviation direction information = {-correction}; that is, it indicaties tiiat correction to give contraction 
25 against the expanded image should be made. 

[0116] First, the synchronized clock pulse detecting section 420 obtains the first synchronizing point Information 
SRI and the second synchronizing point information SP2 with reference to the rise-up of the index signal from the index 
sensor 402. 

[01 1 7] The aforesaid first synchronizing point information SP1 indicates the stage number of tiie delay element of 
3D the first delay chain section 410 which is in synchronism with the rise-up of the index signal, and the aforesaid secx>nd 
synchronizing point information SP2 indicates the stage number of the delay element of the first delay chain section 41 0 
which is delayed by one period of the basic clock pulse from said first synchronizing point information SP1 . 
[01 1 8] Here, assume that SP1 = 20, and SP2 = 50. Further, this condition is indicated in Fig. 7. In this drawing, it is 
indicated the state that the DL20 of which the stage number is 20 ((c) in Fig. 7) and the DL50 of which tiie stage number 
35 is 50 {(m) in Fig. 7) delayed by one period of clock pulse from the LD20 are in synchronism with tiie rise-up of the index 
signal ((a) in Fig. 7). 

[01 1 9] Next, the number of the stages for a period NS is obtained from the aforesaid first synchronizing point infor- 
mation SP1 and tiie aforesaid second synchronizing point Information SP2. Now, said number of stages for a period NS 
indicates the number of stages between the delay elements, the delay time difference k)etween which is equal to the 
40 time for one period of the basic clock pulse. In this example of the embodiment, the number of stages for a period NS 
= 30 is obtained from the equation NS = SP2 - SP1 . 

[0120] Further, the delay time per stage of the delay elements DT is obtained from the aforesaid NS and the period 
of the basic clock pulse. For example, if the period of the tasic clock pulse TC is 30 ns, by using NS = 30, DT = 1 ns is 
obtained from the equation DT = TC/NS . 

45 [0121] Then, tiie number of switching-over NC indicating the number of stages of the delay elements in the first 
delay chain section corresponding to the amount of time by which the phase of the dot clock pulse is to be shifted finally 
for the purpose of obtaining a proper image signal is obtained from the frequency deviation information ER, deviation 
direction information, and the delay time DT. Here, the number of switching-over NC « -6 is obtained from the equations 
ER s 6 ns, the delation direction information = {-correction}, and DT = 1 ns. 

so [0122] In order to obtain a proper image signal from the al)ove-mentioned number of switching-over NC, it is appro- 
priate to advance tiie stage number of the delay elements by six before the end of tiie scan line. That is. it is to the pur- 
pose that, in synchronism witii the rise-up of the index signal, the delayed clock pulse from the delay element of tiie 
fiftieth stage is employed at first, and after tiiat. in synchronism witii the upper rank select signal within one scan line, 
the delayed dock pulses from the delay element of ttie forty nintii stage, of the forty eighth stage, of the forty seventii 

55 stage, of tiie forty sixth stage, of the forty f rftti stage are successively substituted for the former one to be employed, and 
finally the delayed clock pulse from the delay element of the forty fourth stage is employed. 
[0123] Further, if the number of switching-over is larger tiian tiie number of stages per period, it is appropriate to 
circulate the upper rank select signal. In the above-described example, in the {-correction} case where SP1 = 20, SP2 
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= 50, and the number of stages per period is 30, at the timing when the upper rank select signal becomes 20, having 
been varied stepwise as 50. 49, — . 21 , 20. It Is appropriate to make it next 49, then to vary it stepwise to 48, — , because 
the upper rank select signal 20 and the upper rank select signal 50 are of the same phase. That is, the upper rank select 
signal is made to be 50. 49. 21 , 20 (= 50). 49, 48. — . In addition, in the same way also In the {+correclion) case, the 

5 select signal may be circulated. 

[0124] Further, in the case where the {-correction} Is made In such a manner as to be varied stepwise every four 
stages like 50, 46, 42. 22, 1 B, it exceeds the SP1 = 20; then, next to 18. it Is made to be 50"(20-18)-4 = 44. That is, 
by making It be in the state of being added by an amount exceeding the synchronizing point and one correction value 
for continuing to circulate, the circulation can be done without problem. 

10 [0125] In the delayed clock pulse selecting section 450 having received such an upper rank select signal as this, 
the delayed clock pulses from the fiftieth stage, from the forty ninth stage, from the forty eighth stage, from the forty sev- 
enth stage, —are selected out of the first group of delayed clock pulses (® in Fig. 9) from the first delay chain section 
410, and each of them is supplied to the second delay chain section 412 as a first dot clock pulse ((g) in Fig. 10). 
[0126] Incidentally, in the case where the number of pixels per line is 6000 dots, the delay time per stage of the first 

15 group of the delayed dock pulses is 1 ns. and the amount of the frequency deviation ER = -150 ns, the above-men- 
tioned switching-over of the first dot clock pulse is carried out every 40 dots. This situation is shewn in Fig. 1 1(a). In this 
condition, a precise con-ection is made finally, but stepwise switching-over is done in the process of scanning. There- 
fore, the second delay chain section 412 receives said first dot clock pulse and generates the second group of delayed 
clock pulses (d) in Fig. 9) having slightly different phases respectively from one another by further finely dividing the 

20 amount of phase shift generated in the first delay chain section 41 0. and a delayed dock pulse having a slightly different 
phase from the former is selected for every dot in the second selecting section 452. 

[01 27] In this case, it is carried out in the second selecting section 452 the selection based on the lower rank select 
signal (® in Rg. 9) from the delayed clock pulse switching control section 440 in order that the {-correction} of 1/40 = 
0.025 ns for every dot may be made. This situation is shown in Fig. 1 1 (b). In addition, even though the delay time in this 
25 second delay chain section 412 is not precisely controlled, if only the above desaibed first delay chain section is con- 
trolled precisely finally the correction can be made precisely. 

[01 28] Accordingly, because the precision of the second delay chain section 412 for switching over the phase finely 
is not so much required, a circuit of low cost can be emplcyed; however, finally a precise correction can be done by the 
first delay chain section 41 0. 

30 [0129] Then, the final dot clock pulse which has been subjected to the above-mentioned fine switching-over of 
phase for every dot is supplied to the PWM section 460, and a laser beam in accordance with an image signal is emitted 
from the LD470. 

[0130] Further, because the above-mentioned delay time in the second delay chain section 412 is not so precisely 
controlled that it does not always occur that the position of ® in Fig. 1 1(b) is in the state of a very fine step, that is, 
35 almost of smooth connection. Therefore, in performing the above-mentioned operation, the switching counting means 
in the delayed clock pulse switching control section 440 is let to continue to operate regardless of H^VALID during the 
time period that V_VALID is active. By doing this, the above-described switching of the first group of delayed clock 
pulses is done at random positions on each of scan lines, which makes the presence of switching-over positions (® in 
Fig. 1 1 (b)) of the first dot clock pulse difficult to be noticed in an image. 

40 

(EXAMPLE OF OPERATION (4)) 

[0131] In the following, with reference to the time chart in Fig. 12. it will be explained an operation for an adjustment 
such that, by refen-ing to the frequency deviation information of the writing units 1 to 4 for the four colors Y, M, C. and K 
45 respectively, the number of pulses is made to be a predetermined number 1:^ shifting a pulse of a delayed clock pulse 
every certain amount of time, and also the time period during which the above-mentioned predelennlned number of 
pulses are generated is made to be a predetermined time. 

[0132] Further, in this example of operation, explanation will be given using conaete numerical values. Moreover, 
here, explanation will be given taking it for instance the case where the relative deviations of M, C, and K (ERym_data. 
so ERyc_data. ERyk.data) with regard to Y, with an image for Y taken as the standard, is detected, and a correction to fit 
M (writing unit 2). C (writing unit 3). and K (writing unit 4) to Y (writing unit 1) is made. 
[0133] Now, assume that 

the number of pixels per line in the main scanning direction PH = 4720. 
55 the number of stages of the first delay chain section 41 0 - 256. 
the dock pulse frequency = 33 MHz, 
the clock pulse period TC = 30 ns. 
the delay time per one stage DT s 1 ns (0.5 ns to 2.0 ns), 
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the number of stages of delay etemeniss for a cycle period NS ^ 30. 

[0134] Further, let the erra value per one pixel to be ERROR_data. the error value per a single line to be ER_data. 
the frequency deviation information to be FREQ_data. and the con-ection value correponding to the number of sages 
NS to be REVISE^data. then following equations are given: 

ERROR_data = FREQ_data ^ PH. 

REVISE.data ERROR Jata x NS. 

Furttier, suppose that, in Y. 

SPly = 10. SP2y = 40, and NS = 30. 

(1) First, it is assumed that in M (writing unit 2). SPIm = 20, SP2m = 50, NS 30, and ERym_data = (3 + 4/32) 
clock pulses. 

The correction value REViSE_data in this case is approximated as follows: 

((+3+(4/32)) ^ 4720) x 30 = ((100/32) + 4720) x 30 

r= 0.01986228813559 

«0.0199(ns). 

Then, the above-derived correction value of the second delay chain section 412 is used in correction for e^ery 
dot. That is, the following calculation is conducted sequentially for each dot. Then, at each time when the correction 
value exceeds the delay time per one stage DT (here: 1 ns). the delay element is switched over to the next delay 
element by one stage (here, 20th 21th • • • ) and selects the delay dock pulses of the next delay element 

20.0000 + 0.0199 = 20.0199, 

20.0199 + 0.0199 = 20.0398, 

20.0398 + 0.0199 = 20.0597. 

20.0597 + 0.0199 = 20.0796, 



In other words, the stage number may be determined by refemng an integral number of the accumulated value. 
Further, with regard to the decimal section which is rounded down, It is absorbed every time within a range of a 
requested precision when the one stage con-ection (connection of the integer section in the case where one stage 
is 1 ns) is carried out. 

(2) Next, it is assumed that, in C (writing unit 3). SPic = 17, SP2c « 47. NS = 30. and ERyc_data = -(6 + 17/32) 
clock pulses. 

The con-ection value REVISE_data in this case is approximated as follows: 

((-(6+(17/32)) ^ 4720) X 30 = ((-209/32) + 4720) X 30 
= -0.04151218220339 
^ -0.0415 (ns) 

Then, the above-derived correction value of the second delay chain section 412 is used in correction for every dot. 
That is. the following calculation is conducted sequentially for each dot. Then, at each time when the correction 
value exceeds the delay time per one stage DT (here: 1 ns), the delay element is switched over to the next delay 
element by one stage (here. 47th 46th • • • ) and selects the delay dock pulses of the next delay element 

47.0000 - 0.0415 = 46.9585. 

46.9585 - 0.041 5 = 46.91 70. 

46.9170 - 0.0415 = 46.8755, 
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46.8755 - 0.0415 = 46.8340J 



In other words, the stage number may be determined by referring an Integra! number of the accumulated value. 
5 Further, with regard to the decimal section which is rounded down, it Is absorbed every time within a range of 

a requested precision when the one stage correction (correction of the integer section in the case where one stage 
is 1 ns) is carried out. 

(3) Next, it is assumed that, in K (writing unit 4), SP1k = 26. SP2k = 56. NS = 30, and ERyk_data = -(6 + 17/32) 
clock pulses. 

10 The conrectbn value REVISE_data In this case is approximated as follows: 

(+((34+{3/32)) ^ 4720) x 30 = ((1091/32) ^ 4720) x 30 
= 0.2166975635593 
= 0.2167 (ns) 

75 

Then, the above-derived correction value of the second delay chain section 412 is used in correction for every 
dot. That is, the following calculation is conducted sequentially for each dot. Then, at each time when the correction 
value exceeds the delay time per one stage DT (here: 1 ns). the delay element is switched over to the next delay 
element by one stage (here. 26th 27th -> • • • ) and selects the delay clock pulses of the next delay element. 

20 

26.0000 + 0.2167 = 26.21 67, 
26.2167 + 0.2167 = 26.4334. 
25 26.4334 + 0.2167 = 26.6501 . 

26.6501 +0.2167 = 26.8668. 



30 In other words, the stage number may be determined by referring an integral number of the accumulated value. 

with regard to the rounding down in the above calculation, it should be determined in connection with the 
required precision. For exanple, the overall required precision for a line is assumed to be ±0.5 ns. In such a case, 
the allowed error per pixel is 0.5/4720 = 0.0001059. That is. even though the value which is smaller than this 
allowed error per pixel is rounded down, the required precision as a total for a line Is to be satisfied. Accordingly, in 

35 this case, even though the fifth decimal or smaller than this is rounded down, the obtained value Is within the range 
of the allowed error, and the overall en'or for a line of 4720 pixels satisfies the condition of the overall r^uired pre- 
cision of ±0.5 ns. Here, an example of calculation by decimal numbers is shown, but in the calculation by digital 
data, it is to the purpose to omit calculation for lower bits than that corresponding to the allowed error. Owing to this, 
the number of bits required for calculation can be reduced. In addition, if the capacity for calculation has a margin, 

40 rounding down operation need not to be done. 

Further, a four-color image forming apparatus equipped with four writing units has been explained herein; how- 
ever, in the case of two colors at the minimum, color deviation can be eliminated by performing a similar processing. 
Moreover, it Is possible to employ the Invention In an Image forming apparatus having a larger number of writing 
units. 

45 incidentally, each of the at>ove basic clock pulse generating section, delayed dock pulse generating section 

(delay chain section, control section, selecting section and CPU may be constructed independently from others. 
However, they may be incorprated into a single chip. Also, a part of them may be constructed commonly to some 
function. 

so Claims 

1 . An image forming apparatus, comprising: 

an Image forming device to scan in a main scanning direction in synchronization with dot clock pulses for each 
55 scanning line so as to form an image; 

a basic clock pulse generating section to generate basic lock pulses with a predetermined inten^al; 

a delayed clock pulse generating section to generate a group of plural delayed clock pulses having different 

phases respectively by delaying the basic dock pulse generate by the basic dock pulse generating section into 
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plural delay stages; 

a synchronism detecting section to detect at least two delayed clock pulses synchronizing with an index signal 
from the plural delayed clock pulses generated by said delayed clock pulse generating section; 
a calculating section to calculate a number of delay stages existing within a given time period on the basis of 
5 the two synchronizing delayed clock pulses detected by the synchronism detecting section; and 

a clock pulse control section to selecting the delayed clock pulses sequentially delayed from the synchronizing 
delayed clock pulse from the group of plural delayed clock pulses within a predetermined time period on the 
basis of the calculated number of delay stages so as to control a number of clock pulses outputted as the dot 
clock pulses during the predetermined time period. 

10 

2. The Image forming apparatus of claim 1 , further comprising: 

a deviation detecting section to detect an amount of deviation in a length of each scanning line, and 
a judging section to judge a number of switching-over delay stages to be delayed from the synchronizing 
15 delayed clock pulse during the predetermined time period on the basis of the amount of deviation, 

wherein the clock pulse control section selects the delayed clock pulses sequentially delayed from the synchro- 
nizing delayed clock pulse from the group of plural delayed clock pulses within the predetermined time period 
on the basis of the number of switching -over delay stages. 

20 3. The image forming apparatus of claim 2, wherein the deviation detecting section comprises 

a pattem image forming section to make the image forming device to form a specific pattern image; and 
a sensor to read the specific pattern image so as to detect a length of each scanning line, and 
the deviation detecting section calculates the amount of deviation by comparing the length of scanning line 
25 detected by the sensor. 

4. The image forming apparatus of claim 1 , wherein the image forming device comprises plural scanning exposure 
devices, and 

wherein the image forming apparatus further comprises 

30 

a deviation detecting section to detect an amount of deviation in a length of each scanning line of each of the 
plural scanning exposure devices, and 

a judging section to jixlge a number of switching-over delay stages to be delayed from the synchronizing 
delayed clock pulse during the predetermined time period on the basis of the amount of deviation, and 
35 the clock pulse control section selects the delayed clock pulses sequentially delayed from the synchronizing 

delayed dock pulse from the group of plural delayed clock pulses within the predetermined time period on the 
basis of the number of switching-over delay stages. 

5. The image forming apparatus of claim 4. wherein the image forming device comprises plural developing devices 
40 and the plural scanning exposure devices corresponds to the plural developing devices. 

6. The image forming apparatus of claim 1 » further comprising 

a switching-over counter to count a given time period, 
45 wherein the clock pulse control section selects the delayed clock pulses sequentially delayed from the synchro- 

nizing delayed clock pulse from the grotp of plural delayed clock pulses at each time when the switching-over 
counter counts up the given time period. 

7. The image fonning apparatus of claim 6. further connprising 

50 

a judging section to judge a number of switching-over delay stages to be delayed from the synchronizing 
delayed clock pulse during the predetermined time period on the basis of inputted information, 
wherein the switching-over counter determines the given time period to be counted on the basis of the number 
of switching-over delay stages obtained by the judging section and the clock pulse control section selects the 
55 delayed dock pulses sequentially delayed from the synchronizing delayed clock pulse from the group of plural 

delayed clock pulses at each time of counting up the given time period. 

8. The image forming apparatus of claim 1 , wherein the calculating section calculates an average amount of deviation 
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of each clock pulse on the basis of inputted information, and the clock pulse control section selects the delayed 
clock pulses sequentially delayed from the synchronizing delayed clock pulse from the group of plural delayed clock 
pulses on the basis of the average amount of deviation of each dock pulse obtained by the calculating section. 

5 9. The Image forming apparatus of claim 8, wherein the clock pulse control section determines whether or not to 

select the delayed clock pulses sequentially delayed from the synchronizing delayed clock pulse for each clock 
pulse on the basis of. the average amount of deviation of each clock pulse obtained by the calculating section. 

1 0. The image forming apparatus of claim 8, wherein the clock pulse control section accumulates the average amount 
10 of deviation of each clock pulse obtained by the calculating section for each dock pulse and selects the delayed 

clock pulses sequentially delayed from the synchronizing delayed clock pulse in accordance with the accumulated 
amount of deviation. 

1 1 . The image forming apparatus of claim 8. wherein the clock pulse control section calculates an amount of deviation 
15 per each clock pulse on the basis of the number of delay stages, accumulates amount of deviation per each clock 

pulse for each pulse in the stage number of the synchronizing delayed clock pulse and seled an integral number 
of the accumulated value as the new stage of the delayed clock pulse. 

12. A clock pulse generating device, comprising: 

20 

a basic clock pulse generating section to generate basic lock pulses with a predetermined interval; 
a delayed dock pulse generating section to generate a group of plural delayed clock pulses having different 
phases respedively by delaying the basic dock pulse generate by the basic clock pulse generating sedion into 
plural delay stages; 

25 a synchronism detecting section to detect at least two delayed clock pulses synchronizing with an index signal 

from the plural delayed dock pulses generated by said delayed dock pulse generating sedion; 
a calculating section to calculate a number of delay stages existing within a given time period on the basis of 
the two synchronizing delayed clock pulses detected by the synchronism detecting sedion; and 
a clock pulse control section to seleding the delayed clock pulses sequentially delayed from the synchronizing 

30 delayed dock pulse from the group of plural delayed dock pulses within a predetermined time period on the 

basis of the calculated number of delay stages so as to control a number of dock pulses outputted during the 
predetermined time period. 

1 3. The clock pulse generating device of claim 1 2, wherein the at least two delayed dock pulses detected by the syn- 
35 chronism detecting section are synchronized with the leading end of the ind^ signal. 

14. The clock pulse generating device of daim 12, further comprising 

a judging section to judge a number of switching-over delay stages to be delayed from the synchronizing 
40 delayed clock pulse during the predetermined time period on the basis of inputted information, 

wherein the dock pulse control sedion selects the delayed clock pulses sequentially delayed from the synchro- 
nizing delayed clock pulse from the group of plural delayed clock pulses within the predetermined time period 
on the basis of the number of switching-over delay stages. 

45 1 5. The clock pulse generating device of daim 1 2» further comprising 

a switching-over counter to count a given time period, 

wherein the dock pulse control sedion selects the delayed clock pulses sequentially delayed from the synchro- 
nizing delayed clock pulse from the group of plural delayed dock pulses at each time when the switching-over 
50 counter counts up the given time period. 

16. The clock pulse generating device of claim 12, further comprising 

a judging sedion to judge a number of switching-over delay stages to be delayed from the synchronizing 
55 delayed clock pulse during the predetermined time period on the basis of inputted infonmation. 

wherein the switching-over counter determines the given time period to be counted on the basis of the number 
of switching-over delay stages obtained by the judging sedion and the dock pulse control section selects the 
delayed dock pulses sequentially delayed from the synchronizing delayed clock pulse from the group of plural 
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delayed clock pulses at each time of counting up the given time period. 

17. The clock pulse generating device of daim 16. wherein the switching-over counter repeats counting the given time 
period by the same times corresponding the number of switchlng-over delay stages during the predetermined time 

5 period. 

18. The clock pulse generating device of claim 12. wherein the clock pulse control section detects a switching-over 
direction and controls increment or decrement of the number of switching-over delay stages. 

10 19. The clock pulse generating device of claim 12, wherein the calculating section calculates an average amount of 
deviation of each clock pulse on the basis of inputted information, and the clock pulse control section selects the 
delayed clock pulses sequentially delayed from the synchronizing delayed clock pulse from the group of plural 
delayed dock pulses on the basis of the average amount of deviation of each clock pulse obtained by the calculat- 
ing section. 

15 

20. The clock pulse generating device of daim 19, wherein the clock pulse control section determines whether or not 
to select the delayed clock pulses sequentially delayed from the synchronizing delayed clock pulse for each clock 
pulse on the basis of the average amount of deviation of each clock pulse obtained by the calculating section. 

so 21. The clock pulse generating device of claim 19, wherein the clock pulse control section accumulates the aveage 
amount of deviation of each clock pulse obtained by the calculating section for each clock pulse and selects the 
delayed dock pulses sequentially delayed from the synchronizing delayed clock pulse in accordance with the accu- 
mulated amount of deviation. 

25 22. The clock pulse generating device of claim 1 9. wherein the clock pulse control section calculates an amount of devi- 
ation per each clock pulse on the basis of the number of delay stages, accumulates amount of deviation per each 
clock pulse for each pulse in the stage number of the synchronizing delayed clock pulse and select an integral 
number of the accumulated value as the new stage of the delayed dock pulse. 

30 
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